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(54) Apparatus and method for treating exhaust gases from a diesel engine using nitrogen oxide 
absorbent 



(57) The invention is a method and system for treat- 
ing exhaust gases generated by a diesel engine by 
locating two catalyst components in the engine exhaust 
gas passage. The first catalyst component which 
exposed to oxidizing diesel exhaust is located nearest 
to the engine and is a nitrogen oxide absorbent made of 
support material carrying precious metal. The second 
component is a catalyst such as a lean-NOx catalyst or 



a selective reduction catalyst which is capable of con- 
verting the exhaust gas passing over it including reduc- 
ing the nitrogen oxides desorbed from the first 
component into nitrogen (N 2 ) or nitrous oxide (N 2 0). 
Materials like hydrocarbons or ammonia or urea may be 
injected into the vicinity of the second catalyst compo- 
nent to aid in the reduction. 
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Description 

[0001 ] This invention relates to a method of treating 
diesel engine exhaust gases with two catalyst compo- 
nents located in the exhaust gas passage. The first 
component material made of precious metal on a partic- 
ular porous support absorbs nitrogen oxides at low tem- 
peratures and desorbs them as the temperature is 
raised during engine operation. The second compo- 
nent, located downstream of the first component, is a 
catalyst capable of reducing the desorbed nitrogen 
oxides, such as a lean-NOx catalyst or a selective cata- 
lytic reduction (SCR) catalyst. 
[0002] Reference is made to US patent application 
Serial No. 08/992,943 filed December 18, 1997 entitled 
"Use of Platinum/Alumina Nitrogen Oxide Absorbents 
for Automotive Emission Reduction" commonly 
assigned herewith. 

[0003] Catalysts are employed in the exhaust sys- 
tem of diesel vehicles to oxidize carbon monoxide (CO) 
and hydrocarbons (HC), including the volatile organic 
fraction of particulates, produced during engine opera- 
tion into carbon dioxide (C0 2 ). Current diesel after- 
treatment technologies are being developed to convert 
nitrogen oxides (NOx), in addition to the other emis- 
sions, into more desirable gases. These technologies 
involve lean NOx catalysts, selective catalytic reduction 
(SCR) catalysts, and lean NOx traps. 
[0004] Lean NOx catalysts are catalysts that con- 
vert NOx in a lean, i.e., 0 2 -rich, environment with the 
aid of low levels of hydrocarbons. In the case of diesel. 
hydrocarbon emissions are too low to achieve signifi- 
cant lean NOx conversion, so hydrocarbons need to be 
added by injection of diesel fuel into the pre-catalyst 
exhaust stream. Diesel lean NOx catalysts generally 
include such materials as e.g.. precious metals or base 
metal zeolites. In particular, platinum is used because of 
its lean NOx activity at low temperatures, i.e.. usually 
less than 230°C. This low temperature activity is 
needed, e.g., during European urban-type driving 
where diesel exhaust gas temperatures typically meas- 
ure between 100-300°C at the engine exhaust manifold. 
Overall diesel catalysts need to be able to operate over 
a wide temperature range, e.g., up to 500°C. Base 
metal zeolites and precious metal other than Pt have 
lean NOx activity at higher temperatures, usually 
greater than 230°C. Precious metal and base metal 
zeolite materials are deficient, however, because they 
have a limited temperature range of lean NOx activity 
and a limited level of NOx conversion over their active 
temperature range. Platinum has an additional short- 
coming of reducing NOx predominantly to N 2 0 rather 
than N 2 . 

[0005] Selective reduction catalysts (SCR), in con- 
trast to using hydrocarbons for NOx conversion, use 
urea or ammonia to provide NOx conversion in 0 2 -rich 
exhaust. Base metal zeolite materials are used for SCR 
catalysts on diesel vehicle. SCR catalysts provide much 



higher NOx conversion than lean NOx catalysts. How- 
ever, similar to lean NOx catalysts, SCR catalysts are 
deficient because they have a limited temperature 
range of operation. Their NOx conversion activity is usu- 

5 ally confined to temperatures greater than 230°C. 

[0006] NOx traps operate on lean-burn gasoline 
vehicles by absorbing NOx on a material like barium 
oxide during lean-burn operation, i.e., engine air/fuel 
(A/F) ratio is ca. 20/1 and exhaust is 0 2 -rich. Then, the 

io NOx trap is subjected to engine exhaust during stoichi- 
ometric or fuel-rich operation, i.e., A/F ratio is 14.7 or 
lower and exhaust becomes 0 2 deficient. This is done 
to desorb the NOx and convert it over precious metal in 
the trap formulation. In diesel systems, the exhaust 

is gases generated by the engine are always oxidizing, 
i.e., lean, the engine A/F ratio being generally from 20/1 
to 60/1 . Using a NOx trap like barium oxide on alumina 
described above is unlikely with a diesel engine. This is 
because it is impractical to run the engine fuel-rich or 

20 near stoichiometric to release and reduce NOx. Hence, 
using such NOx traps in gasoline lean-burn engine 
exhaust systems is more commercially appropriate 
since the air/fuel ratio can more conveniently be made 
stoichiometric or fuel-rich. 

25 [0007] The invention is an exhaust gas treatment 
system for diesel engine exhaust It comprises a first 
catalyst component which contains a nitrogen oxide 
absorbent material, and is located in an exhaust gas 
passage of a diesel engine. The system also comprises 

30 a second catalyst component which contains a lean- 
NOx catalyst or a selective reduction catalyst, and is 
located downstream of the first component. The nitro- 
gen oxide absorbent material comprises (a) porous sup- 
port material selected from the group consisting of 

35 alumina, zeolite, zirconia, titania, lanthana. and mix- 
tures of any of them and (b) at least 0.1 wt. % precious 
metal selected from the group consisting of platinum, 
palladium, and rhodium or a mixture of any of them 
based on the weight of a support for the precious metal. 

40 In the system, the diesel exhaust gas flowing into said 
first component material is always oxidizing. At low tem- 
peratures the first component material absorbs nitrogen 
oxides from the exhaust gas. These absorbed nitrogen 
oxides are released from the absorbent material at 

45 higher temperatures and converted to nitrogen (N 2 ) or 
nitrous oxide (N 2 0) over the second catalyst compo- 
nent. The second component may be a lean-NOx cata- 
lyst or SCR catalyst. 

[0008] Preferably the precious metal of the first 
so component includes platinum and its support is alu- 
mina. The specific temperature ranges of NOx storage 
and of NOx release of the first component catalyst will 
depend on it particular formulation. In some instances, 
the NOx will be absorbed at temperatures of up to about 
55 230°C and be released above that temperature to travel 
to the second component for reduction. 
[0009] In another aspect, this invention is a method 
for treating diesel exhaust gases wherein the oxidizing 
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dieset exhaust gases pass through the first component 
with NOx being absorbed at low temperatures and later 
desorbed at elevated temperatures to be reduced over 
the second component. 

[0010] A method and system embodying the 
present invention is capable of efficiently reducing nitro- 
gen oxides as well as oxidizing hydrocarbons and car- 
bon monoxide in the relatively cool oxidizing conditions 
of diesel exhaust gases. 

[001 1 ] For optimum operation, the amount of nitro- 
gen oxide absorbed on the first component may be 
monitored so that the NOx absorbed on the first compo- 
nent material can be desorbed by elevating the temper- 
ature before the material has reached capacity for 
nitrogen oxide absorption. Advantageously, however, 
diesel exhaust temperatures during typical driving, 
exemplified in the MVEuro cycle, are within the range of 
NOx desorption often enough that NOx storage capac- 
ity in the first component is not likely to be reached. 
[0012] The invention will now be described, by way 
of example, with reference to the accompanying draw- 
ings, in which:- 

Fig. 1 is a schematic of the invention; 
Fig. 2 is a graph showing the NOx storage effi- 
ciency and release as a function of gas sample 
temperature for a Pt/alumina first component 
embodiment according to the present invention; 
Fig. 3 and Fig. 4 are graphs showing NOx storage 
and conversion efficiency for the first component 
materials of Fig. 1 using increased hydrocarbon 
content in the gas sample; 
Fig. 5 is a graph showing NOx conversion efficiency 
over a lean-NOx catalyst useful in an embodiment 
of the present invention as the second component; 
and 

Fig. 6 is a graph showing NOx storage and conver- 
sion of released NOx for a two-component system 
according to an embodiment of the present inven- 
tion. 

[0013] The invention method comprises locating 
two catalyst components in the exhaust passage of a 
diesel engine exhaust gas passage, the first component 
being located closer to the engine manifold. The first 
component is a material which, during diesel engine 
operation, is exposed to exhaust gases which are 
always oxidizing. During the relatively cool operating 
temperatures as during engine start up, light accelera- 
tion and low speed-load cruises, as particularly takes 
place during urban driving, the NOx present in the oxi- 
dizing exhaust is absorbed on the first component mate- 
rial. Later when the first component is exposed to higher 
temperatures as during increased load of urban and 
highway driving, the absorbed NOx desorbs from the 
first component in the presence of the oxidizing exhaust 
and is carried in the gas stream to the second compo- 
nent for reduction as over a lean-NOx catalyst or SCR 



catalyst. The first component can be positioned to con- 
tact engine out gases immediately after they exit e.g., 
the exhaust manifold, or a turbocharger, or other 
exhaust after-treatment equipment such as a particu- 
5 late filter. A schematic of this invention is shown in Fig. 
1. 

[0014] We have found that, e.g., platinum on alu- 
mina stores and releases NOx under 0 2 rich conditions, 
and at exhaust gas temperatures typical of diesel light- 

10 duty vehicle driving, e.g., on a standard drive cycle such 
as MVEuro. This NOx storage occurs over the same low 
temperatures where Pt is active for lean NOx reduction. 
Operation of lean-NOx catalysts on diesels typically 
requires reductant added to the exhaust gases because 

is engine out HC levels are too low. When no HC is 
present, Pt/alumina stores NOx. When HC is added, 
both NOx storage and lean NOx reduction occur simul- 
taneously. Stored NOx is released as the temperature is 
elevated above the NOx storage temperature of the first 

20 component, which varies with the component's particu- 
lar composition. 

[0015] One embodiment of the invention system 
involves the use of, e.g., Pt/alumina as the first compo- 
nent that stores NOx at low temperatures, followed in 

25 the exhaust stream by a lean NOx catalyst that converts 
NOx over the higher temperatures where the Pt/alumina 
of the first component releases NOx. The lean NOx cat- 
alyst converts both released NOx and NOx emitted from 
the engine over its active temperature range. The bene- 

30 fit is the temperature range of the lean NOx catalyst is 
effectively widened to include the active temperature 
ranges of both components. A second embodiment of 
the present invention involves the use of the same two 
components with a modification which allows the use of 

35 the first component, e.g., Pt/alumina. for both storage 
and conversion of NOx. This is done by injecting HC into 
the exhaust to produce lean NOx reduction in the first 
component. (Even with the added hydrocarbons, how- 
ever, the gas reacted over the first component would still 

40 be 0 2 -rich, usually several orders of magnitude in 
excess of a stoiciometric 0 2 level.) In such a system, a 
lean NOx catalyst which follows the first component 
reduces released NOx. This conversion of released 
NOx effectively improves the level of NOx conversion for 

45 Pt/alumina. Still a third embodiment of the present 
invention involves a low temperature NOx storage cata- 
lyst, like Pt/alumina, with an SCR catalyst, i.e., one that 
uses urea or ammonia as reductant. Abatement of NOx 
(through absorption on the first catalyst component) will 

so be provided over low temperatures where an SCR cata- 
lyst individually cannot operate, or where it may not be 
desirable to operate an SCR catalyst. As a fourth 
embodiment, Pt/alumina in the third embodiment could 
be operated similar to the second embodiment to addi- 

55 tionally provide NOx conversion in addition to NOx stor- 
age if desired as by the addition of a source of 
hydrocarbons to the first component. In all of these 
present invention embodiment systems, using the two 
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components allows for the eventual reduction of NOx 
emitted from the engine at low temperatures. Although 
a single Pt-based lean NOx catalyst would be effective 
for converting NOx at low temperatures, however, N 2 0 
is predominantly the product. Alternatively, when Pt/alu- 5 
mina is the first of the two component system of the 
present invention, NOx is stored at low temperatures on 
this first component and later reduced to the more desir- 
able N 2 over a second component such as Cu-ZSM-5. 
The exhaust gas treatment system of the present inven- 
tion exhibits optimal operation with diesel fuels having 
an absence of sulfur. 

[0016] The first component, provided to absorb the 
nitrogen oxides present in the diesel exhaust gas at low 
temperatures, is particularly made of precious metal on 
a porous support. The porous support material is 
selected from the group consisting of alumina, zeolite, 
zirconia, titania, lanthana, and mixtures of any of them, 
where the alumina is preferably gamma-alumina. The 
support carries at least 0.1 wt. % precious metal based 
on the weight of the support. The precious metal is 
selected from the group consisting of platinum, palla- 
dium, and rhodium, or a mixture of any of them. Prefer- 
ably, the precious metal is at least platinum. 
[0017] The present invention NOx absorbent, con- 
trary to those conventionally used, does not use alkali 
metals (e.g.. potassium) or alkaline earth material (e.g., 
barium oxide or strontium oxide) for the absorbent. 
Rather, we find that the present invention support mate- 
rial of the first component, e.g., gamma-alumina, 
absorbs the NOx through the catalytic effect of the pre- 
cious metal. 

[001 8] As described above, the support may be one 
or a mixture of any of the above disclosed support mate- 
rials. Preferably the support is mostly gamma-alumina. 
By "mostly ^alumina" in this invention is meant that the 
support material comprises more than about 50% by 
weighty-alumina. More preferably the support is greater 
than 80%, and most preferably substantially all y-alu- 
mina. In addition to the y-alumina, however, if desired 
the ^alumina support material may comprise small 
amounts of other materials often added into the support 
for stabilization of the surface area of the oxide support. 
This support material comprising mostly y-alumina is 
desired because, in addition to being a good absorbent 
of NOx, it has high surface area, good adhesion and low 
chemical interaction with the precious metal loaded 
thereon. 

[0019] The precious metal may be loaded onto the 
y-alumina support material in any manner, several 
methods for providing precious metals on support mate- 
rials being well known in the art. One particularly con- 
venient method is by impregnating the support material 
with an aqueous or organic solvent solution comprising 
a soluble compound of the precious metal. Exemplary 
of soluble platinum (Pt) containing compounds, e.g., are 
compounds like chloroplatinic acid, amino-Pt-nitrates 
like tetramine platinum nitrate and Pt-carboxylates. 



Exemplary of such solvents are water, solution of alkalis 
like sodium hydroxide, ethanol, toluene, isopropyl alco- 
hol, acetone, methylethylketone, butylacetate, and 
dimethylformamide, water and water/methanol being 
particularly preferred. Any precious metal compound 
which is soluble in an aqueous or organic medium and 
whose functional group is capable of being decom- 
posed by heat to leave only the precious metal or its 
oxide on the support material may be employed in this 
impregnation technique. Hence, such a compound is 
called a precious metal precursor compound. Other 
platinum and other precious metal precursor com- 
pounds useful in this invention in addition to those listed 
above will be apparent to those skilled in the art in view 
of the present disclosure. 

[0020] According to the method of impregnation 
disclosed above, the precious metal precursor com- 
pound is dissolved generally by simply mixing the com- 
pound into an aqueous or organic solvent to make a 
precursor solution thereof. A solution of the catalyst 
compound is generally further diluted for impregnation 
of the support. The catalyst precursor solution may also 
comprise a mixture of compatible organic solvents 
and/or precursor compounds. 
[0021] For useful application in an exhaust system, 
the washcoat will be carried on a substrate (mechanical 
carrier) of a high temperature stable, electrically insulat- 
ing material such as cordierite, mullite, etc. A mechani- 
cal carrier is preferably comprised of a monolithic 
magnesium aluminium silicate structure (i.e., cordier- 
ite), although the configuration is not critical to the cata- 
lyst of this invention. It is preferred that the surface area 
of the monolithic structure provide 50-1000 meter 
square per litre structure, as measured by N 2 adsorp- 
tion. Cell density should be maximized consistent with 
pressure drop limitations and is preferably in the range 
of 200-800 cells per square inch of cross-sectional area 
of the structure. The substrate may be in any suitable 
configuration, often being employed as a monolithic 
honeycomb structure, spun fibres, corrugated foils or 
layered materials. Still other materials and configura- 
tions useful in this invention and suitable in an exhaust 
gas system will be apparent to those skilled in the art in 
view of the present disclosure. 
[0022] A washcoat of the support material may be 
applied to the substrate and then impregnated with the 
precious metal precursor catalyst solution. Alternately, 
the impregnated washcoat may be applied to the sub- 
strate. Generally, the washcoat (support material) is 
provided first on the substrate. Optimally, the washcoat 
is provided on the substrate in an amount of between 
about 20% and 35% by weight based on the weight of 
the substrate (e.g., monolith). Still other ways of provid- 
ing the catalyst product will be apparent to those skilled 
in the art in view of the present disclosure, the method 
not being critical to the present invention. Preferably, a 
slurry of a platinum-impregnated washcoat is made into 
a slurry and the monolith is coated with it. When this 
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material is subjected to elevated temperatures the func- 
tional group is decomposed and eliminated from the 
catalyst precursor. It may be further subjected to calcin- 
ing. 

[0023] If the heating is carried out in the air, the plat- 
inum compound may exist at a platinum oxide com- 
pound which at high temperatures generally 
decomposes to platinum and oxygen. Thus it often 
exists as a mixture of platinum and its oxides. 
[0024] The support material is loaded such that the 
amount of precious metal is at least 0.1 wt. %, more 
preferably, between 0.1-5.0% by weight, based on the 
weight of the support. Preferably when platinum is used 
alone without other precious metals it comprises about 
0.1-5.0 wt. %, mostly preferably about 2% wt. 
[0025] According to the method of the present 
invention, at some of the relatively low temperatures 
experienced during diesel engine operation, as during 
start up, light accels and constant speed suburban driv- 
ing, the NOx in the exhaust gas will be absorbed on the 
first catalyst component. In particular, for a typical plati- 
num on alumina absorbent material this will take place 
when the oxidizing diesel exhaust gas is 50° to 230°C. 
In this embodiment, when the exhaust gas temperature 
is raised above 230°C, generally up to about 450°C as 
during higher speed-load acceleration or cruise, the 
NOx desorbs from the absorbent and moves down- 
stream in the exhaust gas passage. The specific tem- 
perature ranges of NOx storage and of NOx release of 
the first component catalyst in the present invention will 
depend on characteristics of its formulation as would be 
apparent to one skilled in the art in view of the present 
disclosure. 

[0026] The desorbed NOx then is exposed to the 
second catalyst component at this elevated temperature 
where it is reduced, e.g. to N 2 . At this elevated temper- 
ature the second component catalyst can efficiently 
carry out this reduction. This second catalyst compo- 
nent is any catalyst capable of reducing NOx, for exam- 
ple it may be a lean-NOx catalyst. Lean-NOx catalyst 
are well known in the art and are catalysts capable of 
reducing NOx, as well as oxidizing CO and HC, in the 
presence of excess oxygen. Exemplary of lean-NOx 
catalysts which use HC for the reduction reaction of 
NOx are Cu-ZSM-5, Fe-ZSM-5, Co-ZSM-5, and sup- 
ported Rh. Alternately, the second component may be a 
SCR catalyst that reduces NOx through the use of urea 
or ammonia, rather than HC. Exemplary of SCR cata- 
lysts are base metal zeolites such as Cu-ZSM-5 or Ce 
mordenite. The invention method is not limited as to a 
particular catalyst for the second component as long as 
it performs the conversions described above. Since 
conventional lean-NOx catalysts reduce NOx generally 
by using HC in the exhaust gas, for diesel where the HC 
content of exhaust gas is relatively low, additional HC 
may be added over the lean-NOx catalyst. This may be 
done by injection diesel fuel, Fischer-Tropsch fuel, or 
other HC materials as would be apparent to those 



skilled in the art in view of the present disclosure. 
Another way to aid reduction of the NOx when SCR cat- 
alysts are used is to introduce urea or ammonia reduct- 
ant or other materials over the second component as 
5 would be apparent to those skilled in the art in view of 
the present disclosure. 

[0027] As disclosed above, for efficient use of the 
system of the present invention it may be desirable to 
monitor the amount of nitrogen oxides absorbed by the 

10 first component at lower temperatures so as to not 
exceed its absorbent capacity. If the exhaust gas tem- 
perature is lower than that necessary for efficient NOx 
conversion by the second component, NOx can be 
exhausted to the atmosphere. This monitoring may be 

is done several ways including estimating the amount of 
generated nitrogen oxides for engine load-time informa- 
tion as by an on board computer, or by measuring the 
amount of nitrogen oxide concentration in the exhaust 
gas at positions before and after the nitrogen oxide 

20 absorbent material in the passage using, e.g., a nitro- 
gen oxide sensor. Still other ways to monitor the amount 
of absorbed nitrogen oxide will be apparent to those 
skilled in the art in view of the present disclosure. When 
it is determined from this monitoring that the absorbent 

25 first component trap optimally should be purged of nitro- 
gen oxides and regenerated, the temperature of the first 
component is exposed to elevated temperatures which 
desorb the NOx. This can be done by engine calibra- 
tion. There is no criticality associated with the way in 

30 which the amount of nitrogen oxides in the trap are 
determined nor in the way the temperature is raised to 
purge the absorbent. The purging is generally carried 
out at a selected time compatible with engine operation 
and for a time necessary to purge some or all of the 

35 absorbed nitrogen oxide, as selected for optimal opera- 
tion of the absorbent and the engine system. It may be 
desirable to vary these parameters and co-ordinate 
them with the absorbent temperature, etc., which may 
aid in purging. 

40 [0028] The stored NOx is then released from the 
absorbent material first component and is catalytically 
reduced over the catalyst of the second component cat- 
alyst. In general, the released NOx is efficiently con- 
verted to N 2 or N 2 0. 

45 [0029] Considering the alumina support, for exam- 
ple, our work shows that NOx is stored on the support, 
possibly as a nitrate. It is unstable at higher tempera- 
tures where it releases NOx. Experiments with platinum 
on Si0 2 showed no NOx storage to confirm the role of 

so the alumina support as a NOx absorbent. Also, we find 
that N0 2 . and not NO, can store and release on alumina 
without precious metal like platinum, but in lesser 
amount and over different temperature ranges than 
when Pt is present. The platinum appears to have two 

55 functions in the NOx storage mechanism: 1) it oxidizes 
NO to N0 2 which reacts with the alumina, and 2) it acti- 
vates alumina in formation of an aluminium nitrate spe- 
cies. While this theory has been provided for an 
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understanding of the unexpected results of the present 
invention, neither the truth nor understanding thereof is 
necessary for a practice of the present invention. 

Example 1. 

Storage- Release of NOx 

[0030] A cordierite honeycomb monolith, containing 
33% (by weight) gamma-alumina washcoat is impreg- 
nated with chloroplatanic acid solution to deposit 2% Pt 
(by weight, of the washcoat). The monolith is dried at 
100°C for five hours, and calcined at 500°C for four 
hours. This is an example of an embodiment of the first 
catalyst component. 

[0031] The sample is tested for NOx storage and 
release in a flow reactor. A piece that measures 3/4" 
diameter x 1" long is used. Prior to testing the sample 
piece is reduced with a CO/N 2 feed gas and then condi- 
tioned with the test feed gas. The feed gas composition 
is given below. 

FEED GAS COMPOSITION: 

[0032] 

NOx = 85 ppm 

HC = 0 ppm 

CO = 720 ppm 

H 2 = 245 ppm 

C0 2 = 5.0% 

H 2 0 = 4.6% 

0 2 = 14% 

N 2 = balance 

Flow rate = 3,600 cc/min 

[0033] The feed gas is brought into contact with the 
sample at 50°C which is measured 1/2 inch before the 
inlet gas flow side. The flow reactor oven temperature is 
increased 1 5°C/min until the inlet sample temperature is 
500°C. 

[0034] The NOx storage efficiency and release as a 
function of inlet sample temperature is shown in Fig. 1. 
In this experiment, Pt/alumina shows storage over tem- 
peratures of 60-230°C. Peak storage efficiency of 80% 
is achieved near 160°C. NOx release is indicated by the 
negative values of storage efficiency that occur over 
temperatures of 230-450°C. The amount of NOx stored 
equals the amount released, within experimental error. 
[0035] The stored amount of NOx is about 6 mg per 
in 3 of catalyst monolith. This amount is below NOx stor- 
age capacity which is not reached in this experiment. 
However, the amount of NOx stored is on a comparable 
level as that which a catalyst is exposed to during the 
urban driving portion of the MVEuro cycle, e.g., a 2.5I 
diesel Transit vehicle emits ca. 2.2 g NOx which 
exposes a 2.5I (153 in 3 ) catalyst to ca. 14 mg NOx per 
in 3 catalyst. Exposure time in the experiment is 10-12 



mm while NOx is storing. On the vehicle, the catalyst is 
exposed to exhaust for a similar time, 13-14 min, for the 
duration of MVEuro urban driving. It probably will not be 
necessary to be able to store all the engine-out NOx 
5 during the urban driving. This is because exhaust gas 
temperatures generally cycle through temperature 
ranges of both NOx storage and release. 

Example 2. 

10 

Concurrent NOx Storage and NOx Reduction 

[0036] The Pt/alumina monolith sample in Example 
1 is tested for simultaneous occurrence of NOx storage 

75 and NOx reduction over the same temperature range. 
This is done by repeating the temperature ramp-up 
experiment in Example 1, except propylene is included 
in the feed gas composition. Two propylene feed gas 
levels are considered. They are 185 and 720 ppm HC-|, 

20 which result in 2/1 and 9/1 H^/NOx ratios, respectively. 
Both of these feed compositions with the added hydro- 
carbons are still oxidizing. The former represents an 
average level for engine-out diesel exhaust, and the lat- 
ter represents a typical level when reductant is added to 

25 diesel exhaust for operating a lean NOx catalyst. 

[0037] Efficiency of NOx storage plus NOx conver- 
sion as a function of inlet sample temperature is shown 
in Fig. 2 for 2/1 HC^NOx, and in Fig. 3 for 9/1 HC^NOx. 
These figures show both NOx storage and NOx cohver- 

30 sion occurring at temperatures below 230°C. Stored 
NOx is released above 230°C, indicated by the negative 
efficiency values. The amount of NOx released is less 
than the amount of NOx that disappears from the feed 
stream for temperatures below 230°C. N 2 0 measure- 

35 ments reveal that the residual amount of NOx that dis- 
appears, i.e., the amount that is not stored, is 
converted, for the most part, to N 2 0. For the 2/1 
H^/NOx, NOx conversion to N 2 0 peaks to ca. 12-15% 
at 120°C, and for 9/1 H^/NOx, it peaks to ca. 45% at 

40 140°C. 

Example 3. 

NOx Storage and Conversion of Released NOx 

45 

[0038] A two component catalyst system consisting 
of Pt/alumina followed by Cu zeolite (an embodiment of 
the invention second catalyst component) is examined 
in a flow reactor for NOx storage and conversion of 

so released NOx. The Pt/alumina catalyst contacts feed 
gas first and is used to store NOx. This is the same cat- 
alyst sample used in Example 1. The Cu zeolite catalyst 
contacts feed gas after it passes through the Pt/alumina 
catalyst. This second position catalyst is used to convert 

55 NOx released from the Pt/alumina catalyst. 

[0039] The Cu zeolite sample is a prototype lean 
NOx catalyst from a commercial catalyst supplier. A 
cordierite honeycomb monolith supports the Cu zeolite 
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material. Dimensions of the Cu zeolite sample are 3/4" 
diameter x 2" long. This sample is tested for NOx con- 
version with the Pt/alumina sample absent. Tempera- 
ture ramp up procedure in Example 1 is performed. 
Feed gas composition is also the same as Example 1 5 
except 185 ppm NOx and 1345 ppm HO, are used. Fig. 
4 shows NOx conversion over the Cu zeolite catalyst as 
a function of temperature measured at the location that 
is inlet for the Pt/alumina catalyst but without it present. 
(Inlet temperature for the Cu catalyst, i.e., 1/2" in front of w 
it, happens to be ca. 25°C higher than that in front of the 
Pt/alumina catalyst in this experimental apparatus.) 
Comparison of Fig. 4 with Fig. 1 shows NOx conversion 
over this Cu zeolite catalyst coincides with NOx release 
over Pt/alumina in the experimental set-up. 75 
[0040] NOx conversion for the two component cata- 
lyst system, i.e., Pt/alumina followed by Cu zeolite, is 
shown in Fig. 5. The Pt/alumina catalyst is exposed to 
the same feed gas containing no HC as Example 1 , so 
it provides NOx storage-release and no NOx conver- 20 
sion. Propylene is added before the Cu catalyst, i.e., 
after the Pt/alumina. A HC-|/NOx ratio of 15/1 is used 
based on the feed gas level of NO for the Pt catalyst. 
This high ratio is to accommodate the increase in NOx 
feed gas level over Cu zeolite that results from Pt/alu- 25 
mina releasing NOx. 

[0041] Comparison of Fig. 5 with Fig. 4 shows that 
when the Pt/alumina storage catalyst precedes the Cu 
zeolite catalyst, overall net NOx conversion improves 
over that of the Cu zeolite alone. The improvement is 30 
from Cu zeolite converting NOx stored at the lower tem- 
peratures on Pt/alumina. 

Claims 

35 

1 . An exhaust gas treatment system for diesel engine 
exhaust, said system comprising: 

a first catalyst component located in an 
exhaust gas passage of a diesel engine com- 40 
prising a nitrogen oxide absorbent material 
upstream of a second catalyst component 
comprising a lean-NOx catalyst or a selective 
reduction catalyst, said nitrogen oxide absorb- 
ent material including: 45 

(a) porous support material selected from 
the group consisting of alumina, zeolite, 
zirconia, titania, lanthana, and mixtures of 
any of them; and so 

(b) at least 0.1 wt. % precious metal based 
on the weight of the support selected from 
the group consisting of platinum, palla- 
dium, and rhodium, or a mixture of any of 
them; and 55 

wherein said diesel exhaust gas flowing into said 
first component material is always oxidizing and at 
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low temperatures said first component material 
absorbs nitrogen oxides from the exhaust gas 
which are released from the absorbent material at 
higher temperatures and converted to nitrogen or 
nitrous oxide over the second component. 

2. A system according to claim 1, wherein said pre- 
cious metal comprises about 0.1-5.0 wt. %. 

3. A system according to claim 1 or claim 2, wherein 
said precious metal comprises platinum. 

4. A system according to any one of claims 1 to 3, 
wherein said alumina of said support comprises y- 
alumina. 

5. A system according to any one of the preceding 
claims, wherein the amount of nitrogen oxides des- 
orbed by the first component is based on the 
amount of nitrogen oxides absorbed by the first 
component. 

6. A system according to any one of the preceding 
claims, wherein said support material further 
includes stabilizers. 

7. A system according to any one of the preceding 
claims, wherein said first component material is 
carried on a substrate selected from cordierite, met- 
als or ceramic. 

8. A method for treating exhaust gases generated by a 
diesel engine, said method comprising the steps of: 

locating in an exhaust gas passage of a diesel 
engine a first catalyst component capable of 
absorbing nitrogen oxides at low temperatures 
and a second catalyst component downstream 
of said first component comprising a lean-NOx 
catalyst or selective reduction catalyst, 
said nitrogen oxide absorbent material includ- 
ing: 

(a) porous support material selected from 
the group consisting of alumina, zeolite, 
zirconia, titania, lanthana, and mixtures of 
any of them; and 

(b) at least 0.1 wt % precious metal based 
on the weight of the support selected from 
the group consisting of platinum, palla- 
dium, and rhodium, or a mixture of any of 
them; and 

exposing said first component material to oxi- 
dizing diesel exhaust gases, where at low tem- 
peratures nitrogen oxides are absorbed from 
the exhaust gas and at higher temperatures 
desorbed and passed to the second compo- 
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nent where the nitrogen oxides are reduced to 
nitrogen or nitrous oxide. 

9. A method according to claim 8, which further com- 
prises monitoring the absorption of the nitrogen 5 
oxide on said first component material. 

1 0. A method according to claim 8 or claim 9, which fur- 
ther comprises injecting a source of material 
selected from the group consisting of hydrocar- w 
bons, ammonia or urea prior to the second catalyst 
component at temperatures that are at and above 

its light-off temperature. 
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